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Abstract Treatment with surfactant has been found to improve the survival rate of neonates with respiratory distress syndrome, particularly
preterm infants. However, surfactant is usually administered by endotracheal intubation and generally only in level-3 neonatal intensive
care units. Recent improvements in aerosolization technology have raised the possibility that aerosolized surfactant could now be given
in wider range of settings, including resource-poor settings. Consequently, the World Health Organization has developed a target product
profile for product developers that describes the optimal and minimal characteristics of an aerosolized surfactant for treating neonates
with respiratory distress syndrome in low- and middle-income countries. Development of the target product profile involved a scoping
review of systematic reviews and target product profiles of aerosolized surfactant, the constitution of an international expert advisory
group, consultations with medical professionals from a wide range of countries and a public consultation. The resulting target product
profile specifies that the surfactant and its associated aerosolization device should ideally, among other characteristics: (i) be at least as safe
and effective as current intratracheal surfactant; (ii) produce a rapid clinical improvement; (jii) be easy to transport and use (e.g. by nurses
in level-2 health-care facilities in low- and middle-income countries); (iv) be affordable for low- and middle-income countries; and (v) be
stable when stored in hot and humid conditions. In addition, the aerosolization device should be capable of daily use for many years. The
introduction of an effective aerosolized surfactant globally could substantially reduce neonatal mortality due to respiratory distress syndrome.

Abstracts in G 13, Francais, Pycckuii and Espaiiol at the end of each article.

Introduction

Respiratory distress syndrome causes approximately 15% of
all neonatal deaths globally."” The administration of antenatal
corticosteroids and early initiation of continuous positive air-
way pressure both have a substantial impact on mortality from
respiratory distress.’” In addition, there is clear evidence that
treatment with surfactant, which decreases surface tension at
the air-liquid interface in the lungs, reduces the severity of
respiratory distress syndrome in preterm infants and improves
survival.* Accordingly, surfactant is used routinely in high-
income countries to treat preterm infants. Currently, however,
surfactant administration usually requires endotracheal intu-
bation to enable direct instillation of liquid surfactant into the
trachea. Then the infant often requires mechanical ventilation
until respiratory status improves.

The World Health Organization (WHO) recommends the
use of animal-derived or protein-containing synthetic surfac-
tant for preterm neonates with respiratory distress syndrome
who are intubated and undergoing mechanical ventilation.”"
However, current WHO guidelines state that surfactant should
be given only in health-care facilities where blood gas analysis
and newborn nursing care and monitoring are available.” Ad-
ditionally, the cost of current formulations remains high and
poses a significant barrier to access. As a result, surfactant use
in low- and middle-income countries is challenging.

To date, surfactant has generally been used only in level-3
tertiary neonatal intensive care units and has been out of
reach for many level-2 special care baby units in district-level
facilities." There is a need for a low-cost surfactant that can be
administered without intubation and mechanical ventilation,
and is as efficacious and safe as standard surfactant. Many dif-
ferent surfactants and administration methods have been tri-
alled, including less-invasive surfactant administration, which

involves administering surfactant using a small catheter.'>"*

Surfactant delivery via laryngeal mask airway or pharyngeal
instillation are other commonly used methods, but they also
involve passing tubes into the oro- or naso-pharynx.'*

Nebulized surfactant has been investigated for many
years.'” Older jet and ultrasonic nebulizers have several
limitations, such as denaturation of surfactant and surfactant
being trapped in tubing and filters.'* Recent improvements in
aerosolization technology have made it possible to produce
small particles that enable a higher aerosolized dose to be
deposited in the lungs.'>'> Aerosolized surfactant formula-
tions will probably cost less and be easier to administer than
conventional formulations. As a result, they could be used in
district level-2 special care baby units in every country around
the world. However, aerosolized surfactant is relatively new,
and currently it is unclear what the best formulation or form of
administration would be for low-resource settings, or whether
storage and treatment are feasible.

WHO has now developed a target product profile that
describes the optimal and minimal characteristics of an aero-
solized surfactant that can be used for neonates (i.e. infants
younger than 28 days) with respiratory distress syndrome
in low- and middle-income countries. The profile’s purpose
is to inform product developers about the key performance
specifications and test characteristics of an aerosolized surfac-
tant that will meet the needs of end-users in these countries.
The overarching principles underlying the target product
profile are that the aerosolized surfactant and its delivery
system should: (i) be as safe and efficacious as conventional
surfactant formulations; (ii) be capable of being administered
and monitored in low- and middle-income countries; (iii) be
affordable for these countries; and (iv) be capable of being
used in special care baby units in level-2 or higher facilities
in all countries globally.
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Table 1. Expert advisory group, development of a target product profile for aerosolized
surfactant therapy for neonates in low- and middle-income countries, 2022

Name Affiliation Country of
residence
Gul Ambreen  Department of Pharmacy, Aga Khan University Pakistan
Hospital, Karachi, Pakistan
Shabina Ariff ~ Department of Paediatrics and Child Health, Aga Khan  Pakistan
University, Karachi, Pakistan
Tasmin Bota Parent representative, Johannesburg, South Africa South Africa
Queen Dube  Ministry of Health, Lilongwe, Malawi Malawi
Meena Joshi Nurse educator, All India Institute of Medical Science,  India
New Delhi, India
Kondwani Kamuzu University of Health Sciences, Blantyre, Malawi
Kawaza Malawi
Siddarth Ramji  Retired consultant neonatologist, Maulana Azad India
Medical College, New Delhi, India
Muhammad Assistant director and programme manager, National ~ Bangladesh
Shariful Islam  Newborn Health Program (NNHP) and Integrated
Management of Childhood lliness (IMCl), Directorate
General of Health Services, Dhaka, Bangladesh
Hoang Tran Da Nang Hospital for Women and Children, Da Nang, ~ Viet Nam
Viet Nam
Bogale Worku  Ethiopian Pediatric Society, Addis Ababa, Ethiopia Ethiopia
Methods middle-income countries. All mem-

A scoping review of systematic reviews
and target product profiles of aerosol-
ized surfactant for preterm neonates
was performed. Then WHO developed
a preliminary outline of a target prod-
uct profile that focused on the needs
of low- and middle-income countries.
In this process, the principles outlined
by WHO’s Science Division in 2022 for
developing target product profiles were
followed.'®

Subsequently, an expert advisory
group of 10 external experts from
several WHO regions was identified
by WHO?’s secretariat by scanning the
literature and contacting networks and
colleagues. Group members were chosen
to ensure technical expertise, interest,
wide geographical representation and a
gender balance. The result was a diverse
group of individuals with expertise in
neonatology, clinical practice, health
promotion, policy and programmes,
administration and service delivery
(Table 1).

On 11 and 12 January 2022, a
consultative meeting was held for indi-
viduals involved in the use of surfactant,
such as doctors, nurses, pharmacists,
administrators, procurement officers,
programme managers, policy-makers
and members of academic organiza-
tions. There were 37 attendees from
16 countries, including 13 low- and
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bers of the expert advisory group and
participants in the consultative meeting
completed WHO declaration of interest
and confidentiality forms. No individual
had a conflict of interest. In addition, the
biographies of expert advisory group
members were posted on WHO’s website
at the time of the consultative meeting.

The preliminary target product
profile was developed further on the
basis of the consultative meeting and an
initial, or zero, draft was produced. The
zero draft was posted on WHO’s website
on 20 June 2022 for public consultation
with the purpose of inviting comments
and suggestions. Subsequently, 22 sets of
comments were received and incorpo-
rated into a revised version of the target
product profile, which was reviewed and
finalized by the expert advisory group
and WHO?’s secretariat. The final target
product profile is now available online."”

Target product profile

Use, efficacy and safety of
aerosolized surfactant

According to the target product profile,”
aerosolized surfactant should preferably
be suitable for treating respiratory dis-
tress syndrome in all neonates, regard-
less of the use of non-invasive respira-
tory support devices (e.g. continuous
positive airway pressure). The minimum
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requirement is that it should be suit-
able for use in neonates: (i) who are not
responding to non-invasive respiratory
support; or (ii) who have a birth weight
of 1000 g or more or a gestational age of
28 weeks or more. The surfactant should
preferably be suitable for use in special
care baby units in level-2 health-care
facilities in low- and middle-income
countries, regardless of their referral
network." At a minimum, it should be
suitable for use in facilities able to refer
neonates to level-3 facilities. Preferably,
users would include nurses, all medical
doctors, paediatricians and their equiva-
lents. The minimum user group would
comprise medical doctors with some
training in neonatal care, paediatricians
and their equivalents.

With regard to efficacy, aerosolized
surfactant use should preferably result in
a 30% or greater reduction in mortality
or in failure to respond to continuous
positive airway pressure among infants
who receive continuous positive airway
pressure plus surfactant, compared
to infants who receive continuous
positive airway pressure alone.'® The
minimum efficacy requirement is 20%.
Moreover, efficacy should be equal to,
or better than, that currently achieved
by intratracheal surfactant. Preferably,
the aerosolized surfactant should result
in fewer adverse events than current
surfactant therapy. At a minimum, the
adverse event rate should be comparable
to that with current surfactant.

Drug dosing and administration

The aerosolized surfactant should pref-
erably need only one dose for maximum
effect, which could be administered up
to 48 to 72 hours after birth. Moreover,
the maximum effect should be at least
equivalent to that with current sur-
factant preparations. The minimum
requirement is that three doses or fewer
would be needed for maximum effect,
and that administration could be started
up to 12 hours after birth. Ideally, the
dose administered should be indepen-
dent of body weight or dosing should be
determined by body weight band (e.g.
less than 0.5 kg, 0.6 kg to 1.0 kg, 1.1
kg to 1.5 kg and so on). The minimum
requirement is that dosing should be
determined by body weight in mL/kg.
During administration of the aero-
solized surfactant, there should prefer-
ably be no interruption to the operation
of any non-invasive respiratory support
device. The minimum requirement is
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that the device should be interrupted for
less than 5 minutes. A measurable clini-
cal improvement (e.g. improved oxy-
genation, reduced oxygen requirement
or less breathing effort) should prefer-
ably be apparent within 15 minutes of
treatment completion. The minimum
requirement is an improvement within
60 minutes. In addition, the maximum
benefit of treatment should preferably
be achieved within 2 hours of treatment
completion. The minimum requirement
is within 6 hours. Preferably, at least 30%
of the surfactant should be deposited in
the alveoli (i.e. in the distal lung region
and parenchyma). The minimum re-
quirement is 15%.

Drug formulation and packaging

The shelf-life stability of the aerosolized
surfactant should preferably be at least
36 months in hot and humid conditions
(defined as a temperature of 30°C or
more and a relative humidity of 75%)
and the in-use stability should be at least
120 minutes under these conditions. The
minimum requirements are a shelf-life
stability of at least 24 months at 2°C to
8°C and an in-use stability of at least
60 minutes in hot and humid conditions.

The aerosolized surfactant should
preferably be synthetic. The minimum
requirement is an animal-derived sur-
factant or protein-containing synthetic
surfactant. The drug and its associated
aerosolization device must be pack-
aged separately, and the final packaging
should preferably be capable of being
shipped by road, rail, air or sea without
the need for a cold chain. At a minimum,
the aerosolization device should be ca-
pable of being shipped by road, rail, air
or sea without the need for a cold chain,
and the drug should be capable of being

shipped through a cold chain. The drug
and device must be capable of being dis-
posed of via established pharmaceutical
waste streams.

Aerosolization device

The aerosolization device must be de-
veloped in accordance with appropriate
regulatory guidance and standards. Pref-
erably, it should work on both battery
and external electricity power sources.
At a minimum, it could be plugged into
an external power source. The device
must be capable of being used by both
right- and left-handed people, and
must be compact and easy to use and
transport.

Ideally, it should be possible to
learn the skills required to operate the
aerosolization device within 2 to 3 hours
of training. The minimum requirement
is that skills should be learned within
2 to 3 days. It should be possible to set
up the device in fewer than five steps
and within 5 minutes or less. The mini-
mum requirement is that it should take
10 steps and 10 minutes to set up.

The aerosolization device must be
designed to ensure that only one unit
dose can be administered at a time, and
it must be capable of being used for sev-
eral patients with the aid of an appropri-
ate cleaning and disinfecting regimen.
In addition, it must meet the standards
for non-invasive respiratory support
devices and nebulization devices, and
should preferably function for at least
5 years of daily use. At a minimum, it
should function for 2 years of daily use.

Cost

The cost of the aerosolized surfactant
should preferably be less than 5 United
States dollars (US$) per dose delivered,
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the aerosolization device should cost
less than US$100 and the total cost per
infant should be less than US$25. The
minimum requirements are that the
aerosolized surfactant should cost less
than US$50 per dose, the device should
cost less than US$1000 and the total cost
per infant should be less than US$220.

Conclusion

Working with an international expert
advisory group and after consultations
with medical professionals from a wide
range of countries and a public consulta-
tion, WHO developed a target product
profile for an aerosolized surfactant for
use in neonates with respiratory distress
syndrome in low- and middle-income
countries. According to the product
profile, the surfactant and its associated
aerosolization device should ideally:
(i) be affordable; (ii) be stable when
stored in hot and humid conditions;
(iii) be easy to transport and use (e.g.
by nurses in level-2 health-care facilities
in low- and middle-income countries);
(iv) produce a rapid clinical improve-
ment; and (v) be as, or more, effective
than current intratracheal surfactant.
In addition, the aerosolization device
should last for many years of daily
use. The introduction of an effective
aerosolized surfactant globally would
substantially reduce neonatal mortality
due to respiratory distress syndrome. H
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Résumé

Profil de produit cible: surfactant en aérosol pour la détresse respiratoire néonatale

Le traitement par surfactant permet d'améliorer le taux de survie
des nouveau-nés souffrant d'un syndrome de détresse respiratoire,
en particulier les nourrissons prématurés. Pourtant, ce surfactant est
généralement administré par intubation endotrachéale et, la plupart
du temps, uniquement dans les unités de soins intensifs néonatals de
niveau 3. Les récents progres réalisés dans le domaine des technologies
d'aérosolisation laissent entrevoir la possibilité d'administrer dorénavant
un surfactant en aérosol dans d'autres cadres, y compris dans des lieux
ou les ressources sont limitées. ['Organisation mondiale de la Santé a
donc développé un profil de produit cible a I'attention des laboratoires,
qui détaille les caractéristiques minimales et optimales d'un surfactant
en aérosol destiné a la prise en charge des nouveau-nés souffrant d'un
syndrome de détresse respiratoire dans les pays a revenu faible et
intermédiaire. Ce document est le fruit d'une analyse exploratoire de
revues systématiques et de profils de surfactants en aérosol; un groupe
consultatif d'experts internationaux a été constitué, des professionnels

de la santé originaires de nombreux pays ont été sollicités, et une
consultation publique a été organisée. Le profil de produit cible qui
en résulte précise que le surfactant et son dispositif d'aérosolisation
doiventidéalement présenter une série de caractéristiques, notamment:
(i) étre au moins aussi s(rs et efficaces que le surfactant intratrachéal
actuel; (ii) entrainer une amélioration clinique rapide; (iii) étre faciles
a transporter et a utiliser (par exemple par le personnel infirmier de
niveau 2, au sein d'établissements de santé dans des pays a revenu
faible et intermédiaire); (iv) étre abordables pour les pays a revenu
faible et intermédiaire; et enfin, (v) demeurer stables quand ils sont
stockés dans un environnement chaud et humide. En outre, le dispositif
d'aérosolisation doit pouvoir étre employé au quotidien pendant
plusieurs années. Le lancement d'un surfactant en aérosol a I'échelle
mondiale pourrait réduire considérablement la mortalité néonatale due
au syndrome de détresse respiratoire.

Pesiome

LieneBoii npodunb npenapara: cyppakTaHT B BUAE a3p030ns ANA leUeHNsA pecnmpaTopHoro AncTpecca

HOBOPOXAEHHDbIX

YCTaHOBMEHO, UTO NedeHne CypdakTaHTOM MOBbIlAeT KO3GOULIMEHT
BbIXKMBAEMOCTV HOBOPOXAEHHbIX C PECANPATOPHBIM AUCTPECC-
CVIHAPOMOM, OCOBEHHO HelOHOWEHHDBIX AeTel. OfHaKo CypdakTaHT
00bIYHO BBOAAT MyTeM SHAOTPaxeanbHOM MHTYOALMN U, Kak MPaBo,
TONBbKO B OTAENEHUAX MHTEHCUMBHOM Tepanu HOBOPOXKAEHHbBIX
TPEeTbero ypoBHs. HeaBHve yCOBEPLIEHCTBOBAHMWA B TEXHOMOMN
NPOW3BOACTBA adPO30s1ei NPYBENV K TOMY, UTO Ternepb a3po30sibHOe
BBefeHMe CypdaKTaHTa MOKET OCYLLECTBAATLCA B Hosee LWMPOKOM
fvanasoHe YCNOBUIA, BKKOYAA YCNIOBUA C OrpaHMYeHHbIMN
pecypcamu. MoaTomy BcemmpHana opraHvsauma 30paBooxpaHeHma
pa3paboTana Lenesorn npodunb npenapata Ana PazpaboTumKoB,
B KOTOPOM OMMCaHbl OMTUMATbHbIE Y MHVMANbHbIE XapaKTePUCTUIKM
cypdaKkTaHTa B BUAE a3p0o30a 414 NleUeHNA HOBOPOXKAEHHbIX
C pecnMpaTopHbIM ANCTPECC-CUHAPOMOM B CTPaHax C HU3KUM 1

CpeaHNM ypoBHeM AoxofoB. [1nAa paspaboTki Lenesoro npoduna
npenapata Obln NpoBeAeH 0030p cUCTEMATUYECKMX 0O30POB U
Lenesbix npodunein npenapatos cypdakraHTa B BUAe adpo30ss,
Co3faHa MeXayHapo[Has 3KCNepTHas KOHCYNbTaTVBHasA rpynna,
npoBefeHbl KOHCYNbTaLWUU C MEANLUUHCKUMU PAabOTHMKaMU
13 WWPOKOro Kpyra CTpaH M MeAULMHCKUE KOHCYNbTalum
ana Hacenenuva. MonyyeHHbI Lenesol npodunb npenapara
YKa3bliBaeT, UTO CypdaKTaHT 1 CBA3aHHOE C HUM YCTPOMCTBO AnA
a3p030/1bHOr0 BBeAEHWA AOMKHbI 06MafaTb ONTUMAanbHbIMN
cpenun NPoUnX xapaktepuctukamu: (i) 6biTb Kak MUHUMYM TaKMM
e 6e30nacHbiM 1 3PGEKTVBHBIM, Kak CyLLeCTBYIOLWMIA CypdakTaHT
ANA 3HAOTpaxeanbHOro BeedeHua; (ii) BbI3biBaTb ObiCTpoe
KNWHWYeckoe ynyJweHue; (iii) ObiTb NPOCTbIM B TPAHCMOPTUPOBKe
1N MCNOMNb30BaHUN (Hanpumep, MefcecTpamu B MeAULIMHCKNX
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yupexaeHuAx BTOPOro YPOBHSA B CTPaHaX C HU3KUM ¥ CPEAHMM
ypoBHeM AoxoAoB); (iv) ObiTb AOCTYMHBIM NO LieHe AfA CTpaH C
HU3KIM W CPEAHMM YPOBHEM JOXOAOB; (V) COXPaHATb CTabWAbHOCTL
NPV XPaHeHUN B YCIIOBUAX APKOTO 1 BNaXHOro Knnmata. Kpome
TOro, YCTPOMCTBO ANA a3p030JIbHOrO BBEAEHWSA AOKHO ObiTb
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MPVrOAHBIM 18 eXXeHEBHOMO MCMOMb30BAHMWA B TEUEHWE MHOMX
net. Vicnonb3osaHue 3bbeKTMBHOro CypdakTaHTa B Brae a3po30.s
B rn06aibHOM MaCLLITabe MOXET CYLIECTBEHHO CHU3WUTb CMEPTHOCTb
HOBOPOXAEHHbIX OT PECMIMPATOPHOIO ANCTPECC-CUHAPOMA.

Resumen

Perfil de producto especifico: sustancia tensioactiva en aerosol para la dificultad respiratoria neonatal

Se ha observado que el tratamiento con sustancias tensioactivas mejora
la tasa de supervivencia de los neonatos con sindrome de dificultad
respiratoria, especialmente los prematuros. Sin embargo, la sustancia
tensioactiva suele administrarse mediante intubacion endotraqueal y,
por lo general, solo en unidades de cuidados intensivos neonatales de
nivel 3. Las mejoras recientes en la tecnologia de aerosolizacion han
planteado la posibilidad de que la sustancia tensioactiva en aerosol
se pueda administrar ahora en mds entornos, incluidos los de escasos
recursos. En consecuencia, la Organizacién Mundial de la Salud ha
desarrollado un perfil de producto especifico para los desarrolladores
de productos que describe las caracteristicas dptimas y minimas de una
sustancia tensioactiva en aerosol para el tratamiento de neonatos con
sindrome de dificultad respiratoria en paises de ingresos bajos y medios.
El desarrollo del perfil de producto especifico implicd una revision
del alcance de las revisiones sistematicas y los perfiles de producto
especificos de la sustancia tensioactiva en aerosol, la constitucién de

un grupo asesor internacional de expertos, consultas con profesionales
médicos de diversos paises y una consulta publica. El perfil de producto
especifico obtenido indica que loideal seria que la sustancia tensioactiva
y su dispositivo de aerosolizacién asociado tuvieran, entre otras, las
siguientes caracterfsticas: (i) ser al menos tan seguros y eficaces como
la sustancia tensioactiva intratraqueal actual; (i) producir una mejora
clinica rapida; (iii) serfaciles de transportary utilizar (p. ej. por el personal
de enfermeria de los centros sanitarios de nivel 2 de los paises de
ingresos bajos y medios); (iv) ser asequibles para los paises de ingresos
bajos y medios; y (v) ser estables cuando se almacenan en condiciones
de calory humedad. Ademas, el dispositivo de aerosolizacién se deberfa
poder utilizar a diario durante muchos afos. La introduccion de una
sustancia tensioactiva en aerosol eficaz a nivel mundial podria reducir
de manera sustancial la mortalidad neonatal causada por el sindrome
de dificultad respiratoria.
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